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Abstract : Antibacterial efficacy and safety of copper sulfate pentahydrate (5% solution) was
evaluated in laboratory and field studies for disinfection of some fish bacterial pathogens in cultured
fish, flounder(Paralichthys olivaceus), mirror carp(Cyprinus carpio), gold fish(Carrassius auratus)
and eel(Anguilla japonica). Dipping of fishes for acute toxicity was performed for a period of 48h,
and the TLm value(median tolerance limit) were 4.0ppm in mirror carp and flounder, 4.4ppm in
rainbow trout, and 10.0ppm in gold fish. After exposure below than TLm value for 1 month, no
side effects and histopathological changes were observed.

The test drug were shown high antibacterial activities against most bacterial pathogens by
exposure in the laboratory and field trials. However, Aeromonas salmonicida showed a
resistance to the dosage. We can prevant outbreaks of bacterial diseases of fish by the dosage of
1ppm for 6hr and the test drug is thought to be used effectively and widely as a disinfectant

against most bacterial fish pathogens.

Key words : copper sulfate pentahydrate, antibacterial efficacy, safety, fish bacterial pathogens,
cultured fish.
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Table 1. Bacterial strains used in this study

Species
Vibrio anguillarum

Strains*  Year Source fish Country
HEO926 1992 Eel Korea
HEO923 1992 Mirror carp Korea
HEO933 1993 Flounder Korea
Edwardsiella tarda HEO931 1993 Flounder Korea
Aeromonas hydrophila ~ HEQ928 1992 Mirror carp Korea
Pseudomonas fluorescens HE0912 1991 Gold Fish Korea
* Heo and Lec (1994)*

Aeromonas salmonicida
Streptococcus sp.
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monas salmonicida, D T75 Y Streptococcus sp., N =9}
9 Edwardsiella tarda, o 2 5.3 22%9] Aeromonas hy-
drophils, 18]11 =2 U282 Pseudomonas fluorescens
2 A 63FE AT FAE 7 ¢ FY BYds
2 ofF agu FYAYL gy 2ri(Table 1).
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1) Aeromonas salmonicida : ¥ 7§40l of] glojx H%
8ol A7 A salmonicidadl) the FA %A A
& ool¥ Al A salmonicida’= dppm ¥ T8 8ppm FE
A LA =2 Fo) o] gHs] AFEdE & 5
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EEoME BF HEAZEE AL 1,0007] o] Y
e A7 A7 AR T 2ppme A= 147 ojd F 4
okA o] =25 € v colony7} 7HAto] B QT

Table 2. Efficacy of copper sulfate pentahydrate on Aero-
monas salmonicida

Ime/ 91 05 1 2 4 8
Concentration{ppm}

5 >1000 >1000 >1000 >1000 >1000 17°

10 >1000 >1000 >1000 >1000 882 638

b

30 min >1000 >1000 >1000 >1000
1 >1000 >1000 >1000 826
6 >1000 >1000 >1000 24

24 hr >1000 >1000 >1000 -

a : Number of colony per one petri dish.
b : Colony was not observed.

2) Aeromanas hydrophila : o] 28td Y ojy} F50fd)
A3 A%y LA AATFY A hydrophilas] T FA]
obA| o] A EE Yol AT} A hydrophila: AEY A
E59 0lppmollME 6A1Zke] Aol A, 0.5ppmol A= 64]
Ztol/d, 1ppmol A= 6A12bo]4d, 2ppm F Lol A& 6A17
o) g ol A} 4ppm § T o] A= 30%-0] 4o A 12] 1 8ppmol
Me HE5H A hydrophila o] A8 A7 HE Rol #
25] ¢ th(Table 3). A hydrophilaT & A FAS] @G ¥
T ® H4A 4FEHE JEUALH, =F AR 64
RATE 7P G R A7 adst 2A vehte

AL ¢ F AN
Table 3. Efficacy of copper sulfate pentahydrate on Aero-
monas hydrophila
Tme/ o1 05 1 2 4 8
Concentration{ppm}

5 >1000 >1000 >1000 >1000 >1000 37*
10 >1000 >1000 >1000 >1000 762 R

30 min >1000 >1000 >1000 >1000 4
1 >1000 >1000 >1000 >1000 -
6 4 - -

24 hr

a : Number of colony per one petri dish.
b : Colony was not observed.

3) Pseudomonas fiuorescense : o] A2}l Y ojol A &
A A FEREU2H ] A07<) P fluorescensedl] W&
IQMH ATYEE Yot A7 PE AYY dAFE

¢l 0.1ppmof| X &= 24A]7ko] Abel A, 0.5ppmoll A& 64] ko]
2, Ippmoll M E 6A17F0l 4, 2ppm FEA A & 64304
ol 4, dppm F ol AT 1A 7Fo] A 18] 31 8ppmo] A

¥ dppm3} vhE7FA 2 1Al =& EHAUES W P flu-
A3 AFEHE Ho] B2 I tHTable 4).
P fluorescenseqt-& FA FA ] B FRoE HA 47
e Jehilon =3 A0E 64 AR % 5
Lol A A EAR A dEYE & ¢ 5 AN

Table 4. Efficacy of copper sulfate pentahydrate on Pseu-
domonas fluorescense

orescensedt ]

Tm/ o1 05 1 2 4 8
Concentration{ppm)

5 >1000 >1000 >1000 >1000 >1000 >1000

10 >1000 >1000 >1000 >1000 >1000 >1000

30 min  >1000 >1000 >1000 >1000 960  320°
1 >1000 >1000 >1000 >1000 §
6 >1000 - - -

24 hr 788

a : Number of colony per one petri dish.
b : Colony was not observed.

4) Edwardsiella tarda : ‘42 % Ao} 59| o]Fq
QlojA ojEt= el AAFQ E ardaol vy A}
Ao HHHG YolR A E tarda®L 0.5ppmoj A =
24A7v014 1ppmol A& 6417kl 4, 2ppm FEAAE

621 7ko] ol A, dppm F RO A & 6AIZFOl A el
8ppmol| A & 14| 7kel A w2 H Q& o) E tardazto] &3
3 AFEE Ho] FHE Y H(Table 5). E tardad < F A
A 2 FEAE 44 4vaHE Jehidion,
=EALE 24AL ARW YL oA AFass)
A dehte A& & F AT

rir

Table 5. Efficacy of copper sulfate pentahydrate on Edward-
siella tarda

Time/ 01 05 1 2 4 8
Concentration(ppm)
5 >1000 »1000 >1000 >1000 >1000 >1000
10 >1000 >1000 >1000 >1000 >1000 980°

30 min  >1000 >1000 >1000 >1000 >1000 488
1 >1000 >1000 >1000 >1000 456 >
6 >1000 808 1 - -

24 hr >1000

a : Number of colony per one petri dish.
b : Colony was not observed.

5) Vibrio anguillarium : 93] & v £ T} & ojFq)
9loj A Hl B o ulel A9 V anguillariumol th g E
A ekAol dndg dol® AR V anguillariumT S 0.
Sppmol A& 6A7kol 4, 1ppmo A= 1A]7ke] 4, 2ppm
FRolME 1A gte] gl A, dppm FEANE 5B

o] Ak

- 206 -



oA 122 SppmoME Fol =EEHE FA AdHE
Aol #AEQH(Table 6). V anguillariumy 2 T A A
9 B T 4A A4EHE YRRed =&
AZFE 05ppmoll A 6A)12F A=d A aasl 24 Y
U= AL o4 A 28 V anguillariume T E
TEIE 28 2EAREOE A9 TR 93
AFZA7} 2A o] AAREH U

Table 6. Efficacy of copper sulfate pentahydrate on Vibrio an-

guillarum
0105 1 2 4 8
oncentration{ppm) o
5 >1000 >1000 >1000 »1000 >1000* -°

10 >1000 >1000 >1000 >1000

30 min >1000 >1000 >1000 >1000
1 >1000 >1000
6 >1000

24 hr >1000

a : Number of colony per one petri dish.
b : Colony was not observed.

6) Streptococcus sp. : & 59 o1 ZFdf YojA 4
Fo%9 delFe Streptococcus sp.ol| tE FA] A <]
AdE L ol A3 Streprococcus sp.L 0.5ppmol M &
247 7kol A, 1ppmel A& 6A]7Fol 4, 2ppm F oM E
6A17ko]) Aol A, dppm F ol A= 1A TFo] Ao M 18] 3
Sppmol A e =2 EX 5E ARst AY Fo dFHE
Aol BAEYi(Table 7). Streptococcus sp.T FA
A ¢ sz 4A 47FEHE Yo, =
% AIZEE 0.5ppmoll A 24A12F A=W Ag A7t 2A
ety AL ¢ £ A}k 283 Swreprococcus spE
kEA ] A4 E aYd g7t & FE A7AH

7b 3A dEh

Table 7. Efficacy of copper sulfate pentahydrate on Strep-
toccocus sp.

G/ 91 05 1 2 4 8
Concentration{ppm)

5 >1000 >1000 >1000 >1000 >1000 -°
10 >1000 >1000 >1000 >1000 882* -

30 min  >1000 >1000 >1000 >1000 112
1 >1000 >1000 >1000 >1000 -
6 >1000 720 -

24 hr >1000

a : Number of colony per one petri dish.
b : Colony was not observed.

HFol Mo 4T &S A : FANFO, oj22ddY

of, 4 a1 F8olE A&t o
B AL E A3 e, o]2 BH £
3 e AFEFE AT A Table 8 A Y 2
of B AFol daHoM & 2 A hydrophila®}
A salmonicidagl 2.1, o] Al& 1ppme] FALE A
6AI 7SS =& A17) B A FTFE 2SR A3} A hy-
A&Y A ¢on A salmonicidas #5949 @
Ag Zazt AdAHAY FF P dotME AEre

drophzla =

ah AR A ARTE AR B &
g% FL F tardast Streptococcus sp.
%_— Ippme] FAFF oM 64175 =

Fo AMF i A F HAT
A 9%9&@ BEAE AbSste gol Bl Al
ST5E ZH%‘W}&} T 2 48 2elE T2 A k-
drophilad} A salmonicidaﬁ’iolﬂ ol Ab&E 1ppme] 3
AFA A 622FESE £ E A7 Fol & Table 103 2o
F79 AT T2 A F HAT S AEHA G
goh 283 o]~ d Yol E ASEE FolFedA A
F+& AAstd 7€ LA A el TS A ky-
drophila®t V anguillarum® 2.9, ¢] Al&4-Z 1ppm¢] &
AEoA 6ALES =EAZ] FAE Table 117} 2o
FaTY AT HA FA FHATLE HEHA @
ket

Table 8. Efficacy of copper sulfate pentahydrate on bacterial
pathogens in the water of aquacultured farm _

it of
Jz
o

O M E

Bacterial conc, Bacterial conc.

Fish Bacterial pathogens  before exposure after exposure
(CFU/m) _ (CFU/ml) _
. Aeromonas salmonicida  3.5x10° 12x10°
l;zll?:)ow Aeromonas hydrophila  2.6x10° -
total bacteria 64x10°  42x10°
Edwardsiella tarda 7.2x10*
Flounder Streptococcus sp. 1.6x10° -
total bacteria 75%x10°  2.1x10°
Aeromonas salmonicida  2.2x10°
Gold fish Aeromonas hydrophila 8.1 x10* -
total bacteria 32x10°  46%10°
. Vibrio anguillarum 31x10°
i\:rlgor Aeromonas hydrophila  2.0x10* .
total bacteria 5.2 ><_1‘0° 6.7x10*

24 4 08850 2 ojxgdYol, 7
of, FAAFC 2 YA & 00 H S ¥ i‘.‘li
gk}, 2t FEE R A FAE T2 FAste] FAE
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73 e fad R ASA0l g 283 FHEA A
FEU wds de A %(T—JEEJ_E} FAFA, H]
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&%, T2H, A2F 59 4% 27)& 4422 ¥
of o2 HfHF %73(—?— HANE B 5 A
FAEe AxA, X, £9% 5o e vI4E9 90~

98%7t A A L3 E}% ojw FEnT} AAHQ
A7} hestth a5 AA A ALgo] zHE s
A Fgo] AQ FAY A¥ete 2183 A + A

o ALg A Aol wheh A FE ARSI £ 53 FE
Felate} AFEo] 4714 ded Fele R ¥

B A Begddaoln 449 SH2AM 297 4
. 789 FF5E9| EH o S ESA d¥LEH
T4 AtEY. 48 9, 3EE AYd F4E U8
& 729 59 %TZ“J o] frh. =G AHGA| Ao w2}
Aol AHEHIE HE Aoy F - 48] RE
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13 FAAA B EY F¢ 2E3}DA B dAES
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B EAE 228 AFHYOH, PP AgS 2E
o Age 2%AYo] Gk

2 oohdo] Ue SHATANN AED BuEs
© Aol7h 24 o} lppm FHABOZE A3 Aol
7} AA deged, ol ¥ B AT o Ak
£8 A8 A7 o Ao flAE EHoZ g &4
229 4 g0 ATt B8, A Ae &

oz AU 4T AEe F402 dg 3ERA
AR Q3 3FLFoZ Agsda Alggch =3
N ATEH S Y2 AT PAFHE A4
o geloz Az

me EAAEZAI 2 daAle 2883 1ppmo]
w292 49, BE FAEAN dBHoz #9
@ uhe Wabh GeA ggten, Begdent 4
& olatol f1go] AHE %tk 123 ppm AES) Ak
$ol A7 20AY AE) 29N AT, ol2d
Qolol oA FelHH WaE Q= Aoz Ardd,
Z2REFNAY ZA Agol QOIHE ehaAol 31
YT,

2 oAle 243 olstol MY S oA
Weh =, 230 oAt 9%, dAs e W aeln
2AY9E WsE 0% ATsd Ao AL,
o) golAl ole] HAY Mzt A8 L 3] BT
o|g 25ARA AT ART 4 A Aols, P
A58 ool 9@ AALE #2, WAEY 22 el
Agee) 27h2 Qd I FAYY A4 S @
¢ 98 5 dow Y2

3 B
FAEAANY 29 B Aol g ojxgtdeig
TLmg, 3k 4.0ppmo] R o0 F50= 10.0ppm, F2 A%
o] & 4.4ppm T2 WYX= 40ppmo| U} HAFSE F o]
o We|zAeA Ao E ikl AT FA
o2 g TEUAY A AR NELH F9 &
ol JHHUG. ofFA =M 8 UM Z FAoF
o M AZERT 1215 ¥ 59 2ppmo 2 1AL ES
ZAE AAATIE ASE A BE FAOE gi2T
o J@aT AR FHE JERRA 2, ey 22
FA oY 2A2AT T
Zh oA el W At &% APAME, dEEy
ol tjated 1ppm of o] FER 6A o) =&
W HEg oS 4% AFEHE 0 A0S
AtEE St OYr A salmonicidad] 7%=
2ppm o] FEAAY 1Az} wEsolwt 4T E
7t QAE AT 28, FAFOE B AZFE AF
3o, o] 2 2] REd oy AT 3t HAFY HF
EEE 9% 2, 2L FER ASFAA gEEe
ol Fo]l AEHA Fyon 5o YAME AT
o HAg Fast AAHUG agnE dPM 2
A FHEZFH 39 Ippme FUFE A TFY
A =& (AT HEH ALST tF7e o
BAlgol AHEHAY dAE] ZaEE dAHALH, &
A4 AMEE 250 A7 2EA o] AU
AEHo g B FAE FAolfol slolA AW 4
ot ckej el 2 T 77 450U AYY A7
£ 918t 1ppmo] FAEE 647 F3 AETY 2 E
(CFEAAIA HE w234 Y A2 Aladd

Legends for figures

Fig 1. Light photomicrograph of gill of mirror carp treated in water diluted by copper sulfate pentahydrate(4.0ppm) for 48hrs. Swelling
of epithelial cells gill lamella and hyperplasia of basal cells of second gill lamella of mirror carp. X 400, H & E stain.

Fig 2. Light photomicrograph of kidney of rainbow trout treated in water diluted by copper sulfate pentahydrate(4.4ppm) for 48hrs,
Lytic degeneration and vacuolation of kidney epithelial cells are appeared in rainbow trout. X 400, H & E stain.

Fig 3. Light photomicrograph of the skin of mirror carp treated in water diluted by copper sulfate pentahydrate(4.0ppm) for 48hrs.
Swelling of mucous cells exist in the epidermis. X 400, H & E stain.
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